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�
��� 2% 2� 9�#� ��:�8 ;���#�,�%4 '< ;�=�  ���>?0� 4	;� 

;� 2(�@, �	�� 
(��-�� A���=8 �;�� ���B>�	 ;	�7 2>6�� ��	 .C
5 
�:	 ;� D(	 �E5�F�  CG?H  
?>�< I?�,���  D���(�?�	�>,  �?� 

���B>�	 !	 ���� 
�0%	 1(���� 
�
���.  

*�� � ���	:
� ;� D(	 E5�F� ���� *	;J 
�0%	 1(���� 2� K�; 
����-5 � ;� ;�LH ��3�,� 9�>� 4�,  9?�>�  ��?����<  
?(���� 


� �>�� .;� ���� *	;J �>�� �
� ���, I���, 4�5��#��< K	�� 2M�	 N�(	 )XRD(� ��#��<  
?,;	�H )TGA ( ��#�?�<  
���?������ 


#�+>�	 )TEM(�  ��#�?�<  O?(!�,  �!	
?�	 *	;J )DLS(�  ��#�?�<  2M?�	  '���?�  �?��7 )FTIR (�  P��?������  !�?6  4;�?�>�	  
?���>�#	  

)FESEM (�;�� 
�;�� ;	�7 �6�� .;� 2�H�� 
M� 
(	;�% ���� *	;J �>�� �
� ;� 1>0�� 2>������ � ��  �?��Q, '�	�  I?(  �>�	;�?� � 

���R 2 � D>�	� �(�� �5�>�	;�� ;� CGH 
>�<I�,��� D���(��	�>, �;�� 
�;�� ;	�7 �6��.  

�� 
�:
� �� E(	�6	 pH !	 3 2� 7 '��
�	; E(	�6	 2>6�( 
#� M�
 !	 '< �, '
��; 2� 11=pH �� E5�% �;���� '��
�	; 23	��  1(
?�.  �?� 

E(	�6	 '��! V�-, '��
�	; E(	�6	 2>6�( ��	 .D(	 E(	�6	 �, '��! 60 2+�7� Y�� 4�,
�,  2>?�	� �  
?M� !	 60  2?+�7�  �?"(�+,  �?��R 


���� .�� 23�, 2� �(�� �Z�[ 4�5��3�� '��! 60 2+�7� 2� '	��� '��! 2���� 	P�\>� 
�. '��
�	; '�
� ;�LH '�(  4�?5 2?�8	
� 

�� ;� �(	�� 2���� ��	�� 68/81 % ��� 2% ��  '���?6	  '�?(  4�?5 2?�8	
�  �?�  '��
?�	; ;�  D(�?>-%  ̀ =?�  �?Z�[  2?�8	
�  �?5��  2?� 

29/62%)*	�>��(� 11/40 %)*�B#��(� 32/55 %)N� (� 56/43% )
(	;��6 (E5�% �6�( .D(�>���  E5�?%  '��
?�	;  d�?���  2?�  '�?( 

*�B#�� �� �Z�[ ppm 300 ��� 2% 
���
�	; e��M� 15% 	; '��� �	�.  

�+��� :���,f(�>� 2M#�=� '��� �	� 2% PJ�3 MgO  ;��7 2� CGH Y���� D���(��	�>, �
�(g< !	 O���� 
�< 
�
���.  
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,�
.�  
!	 '��!  h?�%  
?>�< I?�,���  �?5;�  e�?� 1900  �5
?:  i�?� 


??>�<I??�,��� ;� 2??���! 4�??5
�??��� ���B>??�	 �
??� 
??�	 .


>�<I�,��� �54�5�;	� �B � 4�� �	 
�>05  2?% !	  ��? (�3 

�F(� 4	;� '��;� 4;�-�� 4�5
��B� '�0�	 ;	�;�8�� 
� 
?��� 

� 2� D�-5 9�#� ���B>�	 !	 '< �5!�; 2� !�; ;�  e�?H  E(	�?6	 

��	 1�2 .i	��	 h�>\� 
>�<I�,���  �?5!	  j�?�#  *��?:�k8 

�
(��-�� �
�(��6 �
�����;	� h�l 
m 
������ � 10����� 

9-� �� 15 *��B>� 
�>05 .
>�<I�,��� �5 ;�>8�?�  �
?�n�� 4	


�;	� 2% o��� PG3 
��p ;� �	�6	 �6�(;� �
��% 
� ��?� � 

;� �(��� 2� 9�#� 10�#���>� 
6�%�� 2�  *;�?:  e�?M6 �  �?��Q, 

2>6��� �;	� ���� �0(! �
� �  *	�?R	  P�?\�  4
?3 	;  �?� 

�0(! ��� 2+=�� 4	2% ;� '< ��>�� 
���� 9�-�, 
�
�%3�4.  

��q� �� ���;�% 
>�<I�,��� �5;�  2?���!  '�?�;�  4;�?-��  4�?5

'�0�	 !	 '< ;�  2?���!  4�?5 �
�?��r�	�  �4!;��?�%  K;��?� 

'�(��< ��� ���B>�	 
���� .;�=��-5 2% 2>B� 
� 
>�<I�,��� �5

2� 
>H	; 2(�@, 
-� 
��� � D�-� ��	 
�\� !	 '< �5� �( 

��#���>� '< �5!	  s?(�l  4�5��?0�  
?B�>\�  '�?n-5  2�B?k, 

2��8 4�5Pqm�6 4��� � �
��>�;�-�� P��	�;  ��?5  �?�� !	 

9�6
??�# ��??5 �??�� !	 t�??H 4�??5K;��??� �
5�??� ���;�??% 

*g�L6 
�	��H ;� D��! 2� ;�l 1�+>0� � ��[  1�+>?0� �;	� 

1>0�� 4�5
�< � 
%�8 
���1 ,5 ,6.  

1[���� ���B>�	 ���>0� !	 
>�<I�,��� ��5 ��;� 
>�<I�,��� �5

2� ���� �0(! 2� 9�#� ��R�, �� 
�(<�6 4�5 2�B?k,  �Pq?m�6 

���#< '��% P< 4�5��8 2�Bk, �
� � �6�(!�� �
��  
?�(�B, 

� �4;���< ��@(	 ����+� ;� 4�>%�� ��5 ��R�, 4�;�� 4��(�>%�� 

1�� A�8 2� '	��� �
�(g< 4�5���� �0(! �;�� 23�,  ;	�?7 

2>6�� 
�	7.  

D���(��	�>, �5!	 i	��	 
>�<I�,��� 4�5 
?M�"l  
�>?05  2?% !	 

v;�7 �5
�#�, 
�
��� .;� �M�"l  
?0%	  D���(�?�	�>, �  �?�% 

��(��	�>,D� ��3� 
�;	� .D��n-5 ;�  �� ?�(��!<  2?�  *;�?: 

2??-�� 
 >8�??� 
??#�; �D���(�??�	�>, 
??0%	� D���(�??� � 

D���(���>� 	; !	 D���(��	�>, �>�� ���% 
�	8.  ���B>?�	 !	  D?(	 


>�<I�,��� 2� 9��  �?�;��� �  �?�  �(��?+�  '	�	�?6  �?@��  2?� 

;�LH D���(��	�>, ;� �6�� 4�5�	� 
����� �  D(
?�  2��?�� 

Y3�� ��@(	 *	�=8 
>�	
�� � ����0H ;� '�0�	 
���� .

V�-, �� D���(��	�>, 2� *
� 
�g�l ��� ����+� 
(�(�>%�� 	; 

2� e�"�� 
5	�8 ��	�9. ;� 
+�+�, '�++�� !	 A�8 ���#�w�% 

4	�� PG3 D���(��	�>, ���B>�	 ���% 
�	 .;� D(	  s?�+�,  �?R	 

pH 4��� 
�=�;�� A�8 � 
 �� p ��R�, <'  4��?�  CG?H 


>�<I�,��� D���(��	�>, �;��  
?�;��  ;	�?7  2?>6��  �?�	 .;� 

D(	 s�+�, '�++�� �
5��� ���% 
�	  2?%  PG?3  D���(�?�	�>, 

4��� A�8 ���#�w�% ���, 
�(<�6 e��", '�( ��@�	 
����� � 

Y7�M>� '< 4�0�( '��,�% !	 A�8 �;	� e���� 
�����10.  

;� s�+�, 4� (�  '�?++��  *	�?R	  ��?�
��,x �  
>?0�����>�< 

'�( N� 	; ;� PG3 
>�<I�,��� D���(��	�>, 4��� 2�	�  4�?5

'���>�% �;�� 
�;�� ;	�7 ��	�  
?�	 .;�  D?(	  s?�+�,  �
5�?�� 

�
� ��	 2% ;� ;�LH '�( N� PG3 D���(��	�>,  
(
?�, 


���� .;� D(	 s�+�, D��n-5 �R	 pH e����  �;�?�  
?�;�� 

;	�7 2>6�� ��	 � y\�� 
(���� ��	  2?%  �?�  E(	�?6	 pH 

e���� !	 8/2 2� 6/5 PG3 '�( 4�5D���(��	�>, � �� E(	�6	 

pH e���� !	 5/2 �, 7 PG3 '�( 4�5N� E(	�6	 
�
��(11.  

;� s�+�, �4� (� PG3  
?>�<  
�>(�?�  D���(�?�	�>,  �?��, 


�0%	 D6	�� �;�� 
�;�� ;	�7 2>6��  �?�	 .;�  D?(	  s?�+�,  

'�??++�� �
5�??�� ���??% 
??�	 2??% 
�??0%	 D6	�??� 2??� *
??� 

e���#��4�5 D���(��	�>, 	; PG3  
?� 
?�% . '�?++��  ;�?�z	 

2>�	� 
�	 2% PG3 �>��� e��#�� 4�5I�,���;< 4��� 
�0%	 

D6	�� Y�[	 !	 i�� E�%	� 2>�� 4!�� Π-Π 
�
��� ;�  D?(	 

2??M#�=� ��	� 4�??5�??��R e��??M, 4��??� e
??� 4�??5
??��,��(	 

�(�- �g � D��-, �;�� 	��K! ;	�7 2>6�� � �{%	
H  �?�6�z 
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PG??3 
�??0%	 D6	�??� 4	�??� e�??�#�� 4�??5D���(�??�	�>,  

mg/g  313 ��
� �
�< ��	12.  

;� 2M#�=� �4� (� '�++�� !	  
�?0%	  ��?�����#<  4	�?�  PG?3 

D���(�??�	�>, ���B>??�	 ���??% � �
5�??�� ���??-� 
??�	 2??% 

�������#<
�0%	 �����7 ;��0� 
(g�� 4	��  PG?3  D���(�?�	�>, 

	! ��8 '��� 
� 
?5� .;�  D?(	  s?�+�,  y\?��  
?(���  2?% 

�{%	
??H PG??3 D���(�??�	�>, ;� *
??� '�??�! 3 ����??� ;� 

�Z�[ 40 e������� !	 �D���(��	�>, '	��� 78/1 ��� ��  �?>�# 

!	 
�0%	  ��?�����#< ;� pH  e��?M� 5 � ;�  4�?��; 22  2?3;� 


>����	�� |�B,	 
�
>6	13.  

!	 4;���6 4�5���� 2% 	��8	 ��#�"+�  4��(!  	
�� ���%  �?�	 

���B>�	 !	 ���� PJ�3¬�5 4	�� 2�Bk, � CGH �
�(g<¬ �?5 !	 

����  ��	14 .*	;J ���� 2� 9�#� D>�	� �!	
�	 �Ip�% `=� 

O=+� ���(! 9�� �
#�>0(�% 1Z� 2�"� 4	�k��� 2� ��6 � ;� 

2@�>� E�%	� 4�(G?�  ;��?0�  ��?(!  
?�¬ 
?��	�,  4	�?�  2�B?k, 

�
�(g<¬�5 �9(
", '<¬�5  2� �	�� 
� ;�m � 1% �,;�m �;�� 

���B>�	 ;	�7 
����15  .2�-3!	 ���� *	;J  4���;�% ;�  �M�?: 

� 
�??��� ���??� *	;J 
�??0%	 1(�??��� 
??�
??��� .1(�??��� 


�0%	�
�0%	 
(���7 
%�8 ��	 ��  ���;�?%  
M�?�� ;�  ̀ =?� 


B�>\� q{� '	��M� ���� !�0� ;� sl��� �� �=8 E,<  4!�?� 

g��2+=��� s(���P�l�� 
,;	�H �	�� 2�B:�
�
M�  E(�?-� � 

'�-�"� 2��8 �;	� .� ��q� �� D(	 ����  e�>?0(�%  
�?0%	  4�?�6 


(�??��7 
%�??8 9??{� mgo 4�R�??�;�=� '	�??�M� PJ�??3 4	�??� 

4�5!��  4
�?�	 �  2?(�@,  �	�?�  
(��-�?�  A�?��=8  ���B>?�	 

�����16 .!	  4�5
�0%	 1(����  4	��  CG?H  �����?� 16�   �?�� 
17�  �???�,g�� �"???�Malachite green)( 18� I��???�;< 19� 

}�;¬
(	�!14� � (� �
�(g<¬4�5 ��3�� ;� P�0�  ���B>?�	 

�
� ��	.  

 �2M#�=� D(	 C
5�>��  ���?� *	;J  
�?0%	  1(�?��� �  
?�;�� 

���;�% '< ;� CGH 
>�<I�,��� D���(��	�>, 
�.
���  

  

8�� � �
���& 

D(	 s�+�, !	 i�� 4����� ;�%4��� ���� � 9H	�� '<  ;�?=� 


�% 9��� 1�; 
���� '���	�"�#�% D���(��	�>,  �?�  ���B>?�	 !	 

�� >�� �>��>6��>�r�	 ��>��  PJ�?3 MgO � ��?@�	  4�?5��#��< 

SEM� XRD� FTIR�BET �???� 4�; PJ�???3 �D�???�M, �???R	 

4�5�>�	;�� pH� �Z�[ 2�#�	 
>�<I�,���� *;
7 
��( e���� 

� ;�LH '�( 4�52�8	
� �� �� 
(	;�%  CG?H  
?>�< I?�,��� 

D���(�??�	�>, �??� ���B>??�	 !	 PJ�??3 MgO  � �??�
� '�;�< 

�(��+� 2���� �5�>�	;�� ;� �(	�� E(��!< .���  

 ��3�>�� *	;J���� MgO 100  ��?� MgCl2.6H2O ;� 

500 
� 
� P< �=+� ;� ��� I( 4�>�# 9H 
�.  Nr�50 


� 
� e���� 1 e���� NaOH 26�m	 
�. dq>8	 �2  *
?� 

4 ����)�� ;�� rpm400-300 (�, P��; Mg(OH)2 9���, 

���. 5 2+�7� �� ;�� rpm3000 x�B(�>���  
?�  �?, Mg(OH)2 

2� ��6 ex 9�� ��� �.   2?��-� Nr� 
?�p  ;�?�  �?� P<  �?=+� 

2>0� 
�  *
� 2� �24 ���� ;�  4���60   �	� �>��?� 23;�

I�8 
�.  ��(��� ;�;��� I�8 �
� 2� *
� 2 ���� ;� 

�4�??� 450 ;� �;�??% 2��??0�% 
??�. );	
??+� 1(�??��� 
??(��% 


6�k�500 ��� ��� 2% ��  D?(	  
-%�;	
?+�  �>?��� !	 5  ��?� 

PJ�3 2��, 
�(.  

  

<�=�
 	�>���#� ?�@  

• D��M, pH 2����  

4	�� ��
� '�;�< pH 2���� ;	
+� !�� g/L 1 !	 PJ�3 

	; ;� V�-, �� e���� D���(��	�>, �� �Z�[ ppm 20 2� *
� 

60 �2+�7 ;� pH 4�511-9 -7-5-3 ;	�7 ��	� 
� � �
� 

PG3 '< 9"7 � 
M� !	 ;� t�M� ;	�7 4��� PJ�3 �w	�7 


�.  

• D��M,  �Z�[ 2���� D���(��	�>,  

�Z�[ 4�5mg/L  40 -30-20-10 !	 D���(��	�>, ����< 
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� � pH '< ;� ;	
+� 2���� ��
� �
�< !	 2�H�� 9"7  1�Z�, 

� �� ;	
+� !�� PJ�3 g/L 1 ;� '��! 4�50�,200 2+�7� �;�� 


�;�� ;	�7 �6��.  

• D��M, �R	 *;
7 
��( e����  

4	�� 
�;�� D(	 �>�	;�� !	 1(
�
(��% �� �Z�[ 4�55/0-

4/0-3/0 -2/0-1/0 ;g��  � !�� PJ�3 g/L 1 ���B>�	 
� .

D(	 2�H�� ;� �(	�� 2���� ��
� �
�< !	 �Z� pH� �Z�[ 


>�<I�,��� � '��! V�-, ���; E(��!< ;	�7 �6�� � 2��-� 

4;	��� 9"7 � 
M� !	 '���6	 PJ�3 ��@�	 
� .  

• D��M, �R	 '�( 4�52�8	
� ��  

;� D(	 2�H��  ��R�, '�( 4�52�8	
�  �?� !	  9?�"7  *	�?>�� 

)25� 75 � 100 
���  ��?� ;�  �?>�#(�  *�B#�?� )100� 200 � 

300 
��� ��� ;�  �?>�#(�  
?(	;��6 )5� 10� 15  
?���  ��?� �; 

�>�# (� N� )5� 10 � 15 
��� ��� ;� �>�# (;�  �(	�?�  2?���� 

�;�� 
�;�� ;	�7 �6��.  

  

8�� <�=�
 	�>���#� ?�@  

��-, *��(��!< PG3 ;� 1>0�� 2>������ ��@�	 
� . 
?M� 

!	 ����< 4!��  e�?��� �?5 4 I�>>�?�  
?>�< I?�,��� �  1�?Z�, 

�(	�� �;�� �Z� ;� �5 2�H�� !�� 
>��R !	 PJ�3 2%  �?M�e� 

g/L 1 ��� 2� e����  26�?m	  
?� � 4�;  ���?�  �?� ;�� rpm 

300 ��3 dq>8	 ;	�7 �6�� .9"7 !	 '���6	 �PJ�3 �Z�[ 

2�#�	 
>�<I�,��� �� �>��>6��>�r�	 �w	�7 
� . 
?M� !	  '���?6	 

�PJ�3 4	�� 2��-� 4��� ;�  �?5  '�?�! cc 3  2?��-� !	  9?8	� 

��� 2>�	��� � 
M� !	 ;�"� !	 �>��6   ��?���
 2/0  �'��?��� 

PG3 '< ��� �w	�7 
� .'��
�	; CGH  
?>�< I?�,���  �?��  �?� 

���B>�	 !	 e���6 2"���� 
�.  

  

    

    

  
A"B 1: ��������	
 �
������� �	������ ����� )SEM (���� ����MgO����� ��  � !"� #� �$� ��	
��%
����&�'������  
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,�*���& 

- 7���6 -
�@A	 >0
; ���	 ��
B�%�  

;� 9�� 1  D�?�	��#��<  ���?������  
?���>�#	  
?���; 

)SEM (4	�� PJ�3MgO 9"7 � 
M� !	  PG?3  
?>�< I?�,��� 

D���(��	�>, '��� ��	� �
� ��	.  

;� 9�� 2  �3 ��#��< |�B, 2M�	  N?�(	   '�?�!< �FTIR 

4	�� 
�0%	 1(���� '��� ��	� �
� ��	.  

��#��< BET 4	�� PJ�3 ���� 
�0%	  1(�?���  '�?�� �	�  2?% 

 ̀ =?�  �F?(�  PJ�?3  �?�	�� m2/g  49/19 );�  1?@H cm3/g 

4/48 (��
� 
�<. 

 

C���� 	�>���#� ?�@  

• �R	 pH �� 
(	;�% CGH D���(��	�>, �� PJ�3 MgO  

�(	�� E(��!< 4	�� 
�;�� �>�	;�� pH ;� '��! min 60� 

!�� ���R PJ�3 g/L 1 � �Z�[ 
>�< I?�,��� mg/L 20  ��?� .

f(�>� ;� 	��-�; 1 �
�< ��	.  

'�-5 ;�l 2% ;� ;	��-�1 �
5��� 
���� ��  E(	�?6	 pH 

!	 3 2� 7 '��
�	; E(	�6	 2>6�( 
#�  
?M� !	 '<  �?,  '
�?�;  2?� 

11=pH ��  E5�?%  �;�?���  '��
?�	;  2?3	��  1(
?� . D(�>?��� 

'��
�	; CGH ;� �(	��  �?%J  �
?� ;�  g�?� ;� 7 =pH  �?�	�� 

83/75 % ���� 2% D(	 pH 2�  '	�?�� pH 2?���� ;�  �?Z�  2?>6�� 


����.  

 

  
A"B 2: ����	
 (�)% *"+� ,�'� ���� !�-.� /'���� 

 

 

 

  

  
 

A"B 3 :����	
 FTIR ���� !�-.� /'���� 
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�
��D� 1: 0��!	�� 1$2 ��&�'�����% �� ���� MgO�3 43�!5� pH 3 �% 11  

  

  
  

�
��D� 2: 0��!	�� 1$2 ��&�'�����% �� ���� MgO8 �3 7=pH � �;%< =>&? �@  

  

  

• �R	 �Z�[ 2�#�	 
>�<I�,��� �� 
(	;�% CGH D���(��	�>, 

�� PJ�3 MgO  

4	�� 
�;�� D(	 �>�	;�� �(	��  �?��R  9��?� !��  PJ�?3 

)g/L 1� 7= pH (2% ;� 2�H�� 9"7 ��
�  
?�< . �?Z�[  4�?5

ppm 40-30-20-10 ;� '��! 4�5V�-, min 200-0  �;�?� 


�;�� ;	�7 �6��.  

�� 23�,  2?�  ��?-�;	 2  �?�  E(	�?6	  '�?�!  V�?-,�  '��
?�	; 

E(	�6	 2>6�( ��	 .D(	 E(	�6	 �, '��! min 60 Y�� 4�,
�, 

2>�	� � 
M� !	 60 2+�7� �"(�+, ���R 
���� 2�  4;�?l  2?% !	 

'��! min 60 �, min 120 4	�� �Z�[ ppm   10 '��
�	;  2?� 

Y�,�, !	 68/81 2� 25/82� 4	�� �Z�[ ppm 20 !	 21/73 2� 

24/77 �  4	�?�  �?Z�[ ppm 30 !	 76/67  2?� 32/70 �  4	�?� 

�Z�[ ppm 40 !	 38/52 2� 49/64 
:;� 
� 
?�; . �?Z�[ 

ppm 40 �, '��! min 200 2� '��! 
>��R  �
�?���  �?�	 �  �?, 

D(�8< '��! V�-, 
��; 
�(	�6	 '��n-5  �
5�?��  
?� ��?� .


#� �� 23�, 2� �(��  �?Z�[  4�?5 ��?3��  '�?�! min 60  2?� 
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'	��� !'�� 2���� P�\>�	 
�.  

D��n-5 ;	��-� 4�(�� D(	 ��� �05 2% �� E(	�6	 �Z�[ 


>�<I�,��� '��
�	; CGH E5�%  2?>6�(  �?�	 �  '��
?�	; ;� 

'��! 2���� 4	�� �Z�[ 4�5ppm 40-30-20-10  2?�  Y?�,�, 

��	�� �� 38/52-76/67-21/73 � 68/81%  
?� 
?��� . D(	���?�� 

�Z�[ ppm 10 2� '	��� �Z�[ ���2� 
>�<I�,��� ;�  �(	�?� 

��3�� ;� D(	 E(��!< P�\>�	 
�.  

• �R	 *;
7 
��( �� 
(	;�% CGH D���(��	�>,  �?�  PJ�?3 
MgO  
�(	�� ���R ;� D��M, �R	 *;
7  
��?(  9��?� 7=pH� !�� 

PJ�3 g/L 1� �Z�[ 
>�< I?�,��� ppm 10 �  '�?�! min 60 


�
���  .  

;� ;	��-� 3� '��
�	; CGH 
>�<I�,��� ;�  �(	�?�  2?���� 

'�
� ;�LH 1(
� 
(��%  �?�	��  �?� 68/81 %  ��?�  �?�	  
?M� !	 

'���6	 1(
� 
(��%  �?�   �?Z�[ M 1�  '��
?�	;  2?� 84/67 % 

E5�% �6�( .15 D��p �� E(	�6	 *;
7 
��( e���� '��
�	; 

E5�% �6�( � '��
�	; CGH 
>�< I?�,���  �?�  �?Z�[  1(
?� 


(��% M 1 !	 84/67% 2� 32/24% �� �Z�[  1(
?�  
?(��% M 

5 
��;.  

• �R	 '�( 4�52�8	
� �� �� 
(	;�% CGH  D���(�?�	�>,  �?� 

PJ�3 MgO  

�� 26�m	  '��?-�  '�?(  4�?5 2?�8	
�  �?�  '��
?�	;  CG?H 


>�<I�,��� E5�% 2>6�( ��	 2% ;� ;	��-� 4 ����� ��	. 

  
 

�
��D� 3: ��A�% B�!  �	
' �� 0��!	�� 1$2 ��&�'�����% �3 C'��+ *��D�  

  

  
 

��
��D 4: ��A�% �
E2 0
' ��@*&F�!� �G �� 0��!	�� 1$2 ��&�'�����% �� ���� MgO 
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'��
�	; '�
� ;�LH '�( 4�52�8	
� �� ;� �(	��  2?���� 

��	�� 68/81 % ��� 2% �� '���6	 '�( 4�52�8	
�  �?�  '��
?�	; 

;� D(�>-% `=� �Z�[ 2�8	
�  �?5��  2?� 29/62%) *	�?>��(� 

11/40 %)*�B#�??�(� 32/55 %)N??� (� 56/43% )
??(	;��6 (

E5�% �6�( .D(�>��� E5�% '��
�	; d���� 2� '�(  *�B#�?� 

�� �Z�[ ppm 300 ��� 2% 
���
�	; e��M� 15% 	; '��� �	�.  

  

C���� ������ ?�@  

;� D(	 E5�F� I�>��� 4�523;� 1� 23;� 2� 2"� 23;� 

1 � 2"� 23;� 2 �;�� 
�;�� ;	�7 �6�� 2% ��	� 4�59:�H 

!	 E(��!< �� I�>��� 2"� 23;� 2s��=, 4�>�� 
�;	� .  

  

  
 

�
��D� 5: H����� *�+ *��3 I�� 

 

  

  
  

�
��D� 6 :H����� *�+ *��3 <�3  

  

  

  
 

�
��D� 7: H����� *��3 I��  
 

 

  

  
 

�
��D� 8: H����� *��3 <�3 
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�
��D� 9: <�%��'� J��!	��K 

 

  

  
 

�
��D� 10: <�%��'� ��;�	L  

 

 

C���� 
<����� ?�@  

�� ��,��(	 ��#
���6 � ��- �g 4	��  PJ�?3 MgO  �;�?� 


�;�� ;	�7 �6�� 2% e�
3 *�"���� � Y(	�m  d�?���  2?� 

�5 I( ;�  4�5;	��-�9  �10 �
�< ��	. 

 

 H%� 

�I
 pH �� ��
��� ���  �!"���
��� �� ?��@ MgO  

4	�� 
�;�� pH �� '��
�	; CGH D���(��	�>, ��  ���B>?�	 

!	 PJ�3 MgO� pH4�5 11-9-7-5-3 �;��  E(�?�!<  ;	�?7 

�6�� .2ZHq� 
� 2% 9"7 �  
?M� !	 7=pH  '��
?�	;  4�?>-% 

�"0� 2� 7=pH  �;	� .�� 23�, 2� f(�>� ��
�  �
?�<  D?(	 pH 

2� '	��� pH 2���� ;� �Z� 2>6�� 
� .  

�>�	;�� pH ;� E(	�6	 �( E5�% '��
�	; CGH  4;��?0� !	 

�
�(g< �5E+� D��M,
��%� 4	
�;	� .�� 23�, 2�  2?M#�=�  ��?@�	 

�
�  �?��,  }?��% �  '	;�?�-5 ;�  e�?� 2011  ;�?�  
�=?� 


>�<I�,��� D���(��	�>, ;� pH4�5  h?�>\�  �?��Q,  
?� 
?�% .

e��#�� D���(��	�>, 2% �� ��-� H2L E(�-� ��	� 
� ���?� ;� 

pH 4
��	 ;�� �"{� 
�;	� )H3L (+� 2p�5 2� �(	�� 
(���7 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.7

.2
.1

52
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
7-

15
 ]

 

                             9 / 13

http://dx.doi.org/10.29252/jehe.7.2.152
https://jehe.abzums.ac.ir/article-1-737-en.html


�	��' ( ) �*	
(	�+�� ����� 

          ���� ���	
� �
	�
� ����، ������ 1398 ����� ��� ! "�
 �2    �    161 

I(��� 
����
 ;��  
?B��  
?�;	� . 4;�?=�  2?% ;� 6/7 <pH 

>4/3 2???� ��???6 H2L � ;� 9<pH>6/7 2???� ��???6 HL- ;� 


�
�(<11 .;�� 
�=� PJ�3 ��� 
�( !	 9�	�� 1�� ;� �(�+, 

4���� 2�J�3 I�,�>���>�#	 D�� 
>�<I�,��� �  PJ�?3  �?�	 .

;� 2M#�=�  ��?@�	  �
?�  �?��,  
��?���7 �  '	;�?�-5 ;�  e�?� 

2009 ;�� 
�=� ���� *	;J MgO �"{�  �?�	20 .;�  2?M#�=� 

���<  2% CGH 4�� �; ��>%	; 	;  �?� MgO  
?�;��  
?���% ;� 

8 =pH D(�,g�� '��
�	; 	; 
�>�	� 2% �
�(g< �;�� 
�;�� ���< 

;� D(	 pH 4	;	� ;�� 
B�� ��� .;� 2M#�=� 
# �  '	;�?�-5  2?% 

;� e�� 2012 4�; CGH  }?�;  4�?5�!<  �?�  PJ�?3  
�?0%	 

1(���� %;� 
���% 7 =pH 2� '	��� 2���� �Z�;�  2?>6��  
?�17. 

CGH D���(��	�>, �� �(�� PJ�3 �5��� 2>0�  2?�  ;�?�  
�=?� 

D�� PJ�3 � �
�(g< ;� pH4�5 h�>\� |�B,	 ��>6	 .<�� �6 � 

'	;��-5 ��� ;� e�� 2004  '�?��  
?��	�  2?%  '��
?�	;  CG?H 

D���(�??�	�>, ;� 7 =pH 2??� ��
??H 99% 
�??�;21 .D??p � 

??�-5'	;� ;� e�??� 2010 CG??H D���(�??�	�>, 	; �??� Al2O3 


�;�� 
���% 2% �� 23�, 2� ;�� 
�=� �"{� 
�0%	 �������#< 

� ;��  
?B��  
?>�< I?�,��� ;�  �(	�?�  �?"(�+,  
?{�8  D(�,g�?� 

'��
�	; ;� 7 =pH ��
� 
�< 2% 9"7 �  
?M� !	  D?(	 pH  �?�� 

'��
�	; 
��; 
�5�% 	; '��� �	� .!	 
6�l C�:  �?Z� 	! pH 

e���� � 
>H �(�� �(	�� g�-M� 4;	
+� !	 �
�(g< !	 s(�l 

4���� 4�5N#	�
�	� 2�  ̀ =?�  PJ�?3  PG?3  
?� 
��?� .;� 

�;�� D���(��	�>, '�p e��#�� '< ;�>8�� 4�+�H ���>0� 4	

�;	�  D(	����� 4�5
���� N#	�;
�	� D�� PJ�3 � 
>�< I?�,��� 

���  ;	�?7��  ?�
 ��?�13 .!	  9?(g�  E5�?% 	; '��
?� ;�  �(	�?� 

4
��	 
�'	�, 2� ���Q, ;�� 
�=�  2?�  �?"{� �  2?"�[  4��?�� 

2M6	� �;��	 ��% .�� E(	�6	 pH ��� 2� 9�#�  9��?�,  '�?(  4�?5

OH- ;� e���� � ��@(	 ���7; D�� D(	 '�( �5� 
>�< I?�,��� 

2% 4�5;�� 
����� 
�;	� Y"� e�Q�	 
8�� !	  ��? (�3  �?5;� 

PJ�3 ���, '�( 4�5;
�59�0%� 
����20. D(	�����  �(	�?� 

��3�� ;� E5�F� E�� �; �� Y#�=�  �?%J  �
?�  1?5  
�	�?8 

�;	� � ;�� �"{�  PJ�?3 �  ;�?�  
?B��  
?>�< I?�,��� ;� 7=pH 


+=�� 2� �Z� 
�
�;.  

  

�I
 )J!K ,�-�
 ���� �L�����  �L�  ��
��L�  ��L� 

 �!"���
��� �� ?��@ MgO  

;� D(	 E5�F� 2% !	 �Z�[ 4�5ppm 40-30-20-10 !	 

D���(��	�>, ���B>�	 �
�  ���?�  �
5�?��  
?�  2?%  �?�  E(	�?6	 

�Z�[ '��
�	; CGH E5�% 
�
��( .Dp � '	;��-5 ;� e�� 

2010 2% �� 4�; PJ�3 Al2O3 2M#�=� 
���% �
5��� 
���% 

2% ��   E(	�?6	  �?Z�[ !	 20  2?�  mM 110  '��
?�	;  E5�?% 


�
��( 2% D(	 2@�>�  2?�  9?��  4�?5 PG?3  ��
?��  ?�� 4�; 

PJ�3 �"0� ��	� 
�13. ;� 2M#�=� 
�����7 � 	;��-5'20  �?�� 

2% D(	 �� 4�; PJ�3 MgO  ;�?%  ���?%  
?����  D�?-5  
?��; 

�
5��� 
� .!	 
(�@�< 2% �
�(g< ���< }�; 4�5��>%	;  
?���� 

��� D(	 E5�% '��
�	;  2?%  �?�  E(	�?6	  �?Z�[ �;  
?���	� 

�!	
�	 �;�� e��#�� 4�5�
�(g< '��� 
� 2% 9�� 4�5 PG?3 

	; e�Q�	 
� 
?�% .!	  
?6�l  '�?p  *�?M#�=�  PG?3 '<  �?5!	 

��,��(	 ��- �g 4���� 
���% ��q� �� �!	
�	 �;��  e�?�#�� 

��
�(g< 
�'	�, ���  �
5�?��  D?(	  
?��; ;�  '��
?�	;  	;  2?� 

�	�8 
�=� PJ�3 �"0� �	� 2% ;� 2�	�	 � ;� 4�3  ��?8 

��� ��	�  
����.  
  

�I
 	�
M ���� �� ��
��� ���   �!"��L�
���  �L� 

?��@ MgO  

;� D(	 E5�F� �
5��� 
� 2% '��
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ABSTRACT 

 

Background: Magnesium oxide is one of the alkaline earth metal oxides which due to its catalytic 

properties has been widely used in the analysis of hazardous chemicals. The main purpose of this 

study was to remove tetracycline antibiotics using magnesium nano oxide. 
Methods: In this study, magnesium oxide nanoparticles were synthesized in the presence of cetyl 

trimethyl ammonium bromide. Synthesized nanoparticles were analyzed by X-ray diffraction (XRD), 

thermal analysis (TGA), transmission microscopic analysis (TEM), particle size distribution analysis 

(DLS), infrared radiation analysis (FTIR) and electron diffraction (FES) electron microscopy (FES). In 

the next step, the efficiency of the synthesized nanoparticles in the batch system was investigated by 

changing one parameter and keeping the other parameters constant in removal of the tetracycline 

antibiotic. 

Results: Increasing the pH from 3 to 7 caused efficiency increase, but decreased again to pH = 11. As 

the contact time increases, the efficiency increases. This increase was steepest for 60 minutes and is 

almost constant after 60 minutes. According to other available concentrations,the contact time of  60 

minutes was chosen as the optimum time. The efficiency without the presence of interfering ions in 

optimum condition was 81.68%. By adding the interfering ions the efficiency at the lowest 

concentration level of the interferers was 62.29% (nitrate), 40.11% (sulfate), 55.32% (Cu) and 43.56% 

(fluoride) decreased. The highest reduction was obtained with sulfate ion at 300 ppm which showed 

an efficiency of 15%. 
Conclusion: The results of this study showed that MgO adsorbent can efficiently remove tetracycline 

contaminants from water resources. 

 

Keywords: Magnesium oxide nanoparticles, Tetracycline antibiotic, Aqueous solutions, Adsorption 
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